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(54) Photo-curable resin compositions and process for preparing a resin-based mold 



(57) A photo-curable resin composition suitable as 
a material for photo-fabricating. The composition can 
produce cured products with excellent mechanical 
strength and high heat resistance. Further disclosed is 
a process for fabricating a resin-based mold which pro- 
vides superior molding dimensional precision and su- 
perb repetition durability. The composition comprises 

(A) a compound having a cyclohexene oxide structure, 

(B) a cationic photo-initiator, (C) an ethylenicalty unsatu- 



rated polymer, (D) a radical photo-initiator, and (E) 
spherical silica particles, and the heat distortion temper- 
ature of the cured resin produced Irom the photo-cura- 
ble resin composition is 100°C or higher. The process 
comprises preparing a resin-based mold comprising a 
plurality of integrally laminated layers of cured resin by 
repeating the step of forming a cured resin layer by se- 
lectively irradiating a photo-curable material with light, 
wherein the photo-curable material is the above-men- 
tioned photo-curable resin composition. 
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Description 

BACKGROUND OF THE INVENTION 
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s Field of the Invention 

The present Invention relates to a photo-curable resin composition and a process for preparing a resin mold by 
photo-fabricating using the photo-curable resin composition. 

to Description of the Background Art 

In recent years, photo-fabricating processes for forming three-dimensional objects consisting of integrally laminat- 
ed cured resin layers prepared by repeating a step of forming a cured resin layer by selectively irradiating a liquid 
photo-curable material with light have been proposed (see Japanese Patent Application Laid-open No. 247515/1985, 

is USP No. 4,575,330 (Japanese Patent Application Laid-open No. 35966/1 987), Japanese Patent Application Laid-open 
No. 101408/1987, Japanese Patent Application Laid-open No. 24119/1993). These photo-fabricating processes are 
attractive due to their capability of easily forming the target three-dimensional object in a short period of time even 
when the shape of the object is complicated. 

A typical example of such an photo-fabricating process comprises forming a thin layer of a liquid photo-curable 

20 resin composition, selectively irradiating this thin layer with light, using, for example, an ultraviolet radiation laser to 
obtain a cured resin layer, leeding the photo-curable resin composition to form another thin layer of the composition 
over this cured resin layer, and selectively irradiating this thin layer with light to form a new cured resin layer which is 
integrally laminated over the previously formed cured resin layer. This combination of steps is repeated a number of 
times, with or without changing the pattern in which the light is irradiated to form a three-dimensional object consisting 

2S of integrally laminated multiple cured resin layers. 

The required characteristics of the photo-curable resin composition used for these photo-fabricating processes 
include a low viscosity, the capability of being rapidly cured by irradiation of light, non-swelling ol the cured products 
when contacted by a photo-curable resin composition and minimal deformation due to shrinkage during curing with 
light or in a post-curing step. In particular in the production of warped parts, indented parts, or stretched parts (over- 

30 hanging parts), high dimensional accuracy of the cured product is difficult to achieve. Furthermore, the resin should 
be capable of molding even when the shape of the object is complicated. 

Three-dimensional objects prepared by photo-fabricating methods have conventionally been used for design mod- 
els, models tor medical services, and master models for resin molds. In recent years, attempts have been made to 
produce mount parts such as a connector, a plug, or a fan and to incorporate these parts for test purposes in products 

35 such as a heater, a motor, or an engine, wherein the mount parts are directly manufactured by photo-fabricating meth- 
ods. In addition to high dimensional accuracy, these parts are required to have mechanical strength and heat resistance 
sufficient to withstand conditions of use. However, the conventional photo-fabricating method using a photo-curable 
resin composition cannot produce cured products with sufficient mechanical strength and heat resistance. It has there- 
fore been difficult to manufacture three-dimensional objects for mounting parts having good mechanical strength and 

40 heat resistance which can withstand actual conditions of use. 

Furthermore, there has been an attempt to manufacture a mold by a photo-fabricating method, for use in various 
molding methods such as injection molding, press molding, vacuum molding, high-pressure molding, foaming molding, 
or pulp molding. 

However, no conventional photo-fabricating method using known photo-curable resin compositions can produce 
45 photo-fabricating objects possessing sufficient mechanical strength, pressure resistance, and heat resistance as de- 
manded of such a resin-based mold. Specifically, no conventional resin compositions have been known which withstand 
the conditions of high temperature and high pressure in the injection molding method using engineering plastics under 
these conditions. It is therefore difficult to manufacture a resin-based mold having excellent repetition durability by a 
photo-fabricating method. 

so The present invention has been achieved in view of this situation and has an object of providing a photo-curable 

resin composition which can produce cured products having excellent mechanical strength and heat resistance and 
which is suitable as photo-curable material used In the photo-fabricating method. Another object of the present invention 
is to provide a process for easily manufacturing a resin-based mold which has high dimensional accuracy and exhibits 
superior repetition durability. 

55 

SUMMARY OF THE INVENTION 

The above objects can be attained in the present invention by a photo-curable resin composition comprising, 
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(A) a compound having a cyclohexene oxide structure; • • 

(B) a cation ic photo-initiator; • 

(C) an ethylenically unsaturated polymer; 

(D) a radical photo-initiator; and 

(E) spherical silica particles; 

and wherein the heat distortion temperature of the cured resin produced from the photocurable resin composition Is 
100°C or higher. 

The above objects can also be attained in the present invention by a process lor preparing a resin-based mold 
comprising a plurality of integrally laminated layers of cured resin by repeating the step of forming a cured resin layer 
by selectively irradiating a photo-curable material with light, wherein the photo-curable material is the above-mentioned 
photo-curable resin composition. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a diagram showing the configuration of the resin-based mold prepared in the Example. 
Figure 2 is a side elevation of the resin-based mold shown in Figure 1 . 

DETAILED DESCRIPTION OF THE INVENTION AND PREFERRED EMBODIMENTS 



The present invention will now be explained in detail. 

The photo-curable resin composition of the present invention comprises as essential components the component 
(A), a compound having a cyclohexene oxide structure; the component (B), a cationic photo-initiator; the component 
<C), an ethylenicallyally unsaturated monomer; the component (D), a radical photo-Initiator, and the component (E), 
spherical silica particles. 



Component (A) 

The compounds having a cyclohexene oxide structure, which are the component (A), are cationic polymerizable 
organic compounds which are polymerized and/or cross-linked in the presence of a cat ionic photo-initiator by irradiating 

with light . ^ , 

The epoxy compound (A) generally has a molecular weight of about 1000 or less, preferably it has a molecular 
weight of about 400 or lower and of about 100 or higher. Particularly preferred are epoxy compounds having on average 
about two epoxy groups. 

Examples of these compounds having a cyclohexene oxide structure include S^-epoxycyclohexylmethyl^- 
epoxycyclohexane carboxylate, 2«(3.4-epoxycyctc*exyl-5.5-spiro-3,4-epo^ bis 
(3.4-epoxycyclohexylmethyl) adipate, vinylcyclohexene oxide, 4-vinylepoxycyclohexane, bis(3,4-epoxy-6-methylcy- 
clohexylmethyl) adipate, S^-epoxy-S^ethyk^clohexyl-^^-epoxy-e^methylc^clohexane carboxylate. methylene bis 
(3.4-epoxycyclohexane). dfcyctopentadiene diepoxide, di(3.4-epoxycyctohexylmethyl ether of ethylene glycol, ethylene 
bis(3.4-epoxycyclohexane carboxylate. lactone modified 3,4-epoxycyclohexylmethyl-3 , 4 , -epoxycyclohexane carboxy- 
late, epoxydated tetrahydrobenzyl alcohol, lactone modified epoxydated tetrahydrobenzyl alcohol, and cyclohexene 
oxide. These compounds may be used as the component (A) either individually or m combinations of two or more. 

Among these compounds, preferred compounds having a cyclohexene oxide structure as the component (A) in- 
clude epoxy compounds having two or more aliphatic epoxy groups, such as 3,4-epoxycyclohexy lmethyl-3 1 4'-epoxy- 
cyclohexane carboxylate, bis(3,4-epoxycyclohexylmethyl) adipate, and the like. When such an epoxy compound is 
formulated in the amount of 50-100% by weight in the component (A) the rate of cationic polymerization reaction is 
accelerated, leading to reduction of fabrication time, and the deformation rate with time of the three<limensional object 
from the photo-curable composition of the present invention is restrained because the rate of curing shrinkage becomes 

6mall. ( . , 

The following compounds are given as specific examples of commercially available products of the compounds 
having a cyclohexene oxide structure: UVR-6100, UVR-6105. UVR-6110. UVR UVR-6128. UVFW5200 (manufactured 
by Union Carbide Corporation), Celoxide 2021. Celoxide 2021P, Celoxide 2081. Celoxide 2083, Celoxide 2085. Ce- 
loxide 2000, Celoxide 3000. Cyckxner A200. Cyctomer M100, Cyckxner M101, Epolead GT-301, Epolead GT-302, 
Epolead 401. Epolead 403, ETHB, Epolead HD300 (manufactured by Dalcel Chemical Industries. Ltd.), KRM-2110. 
KRM-2199 (manufactured by Asahi Denka KogyoCo.. Ltd). 

The proportion of the component (A) in the photo-curable resin composition of the present invention is 5-60% by 
weight, preferably 10-50% by weight, and more preferably 15-40% by weight. If the proportion of the component (A) 
is too low. the photo-curabilrty of the prepared resin composition is reduced, leading to a decrease in the fabrication 
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effect. On the other hand, if the proportion of the component (A) is too high, taugUness^f the thrVe^ensio^l*. 
object prepared from the resin composition is decreased and the durability reo>Jire<3 for the resulting rnoB Tends fofce • ^ ^ 
reduced. 

5 Component (B) 

The cationic photo- initiator used as the component (B) is a compound capable of liberating a substance which 
initiates cationic polymerization of the component (A) by receiving radiation such as light. 

Preferred examples of the cationic photo-initiator include onium salts illustrated by the following formula (1). which 
10 are compounds which release Lewis acid on receiving light: 

[R 1 aR 2 b R 3 cR 4 d ^ m lMX«r < 1 > 

is wherein the cation is onium; 2 represents S ( Se, Te ( P. As, Sb, Bi. O, I, Br. CI. or N^N; R\ R* FP. and R< represent 
individually the same or different organic groups; a, b, c. and d represent individually integers from 0 to 3. and the 
summarized number of a, b. c. and d (=a+b+c-KJ) is equal to the valence number of Z. M represents a metal or metalloid 
which constitutes a center atom of a halide complex. Typical examples of M are B, P. As, Sb, Fe, Sn. Bi. Al. Ca. In. Ti, 
Zn, Sc, V, Cr, Mn, and Co. X represents a halogen atom, m is a substantial electric charge and n is the number of 

20 atoms in the halide complex ion. _ v ^ 

Given as specific examples of the negative ion (MX„) in the above formula (1) are teterafluoroborate (BF 4 - ). hex- 
afluorophosphate (PF 6 ). hexafluoroantimonate (SbF 6 -). hexafluoroarsenate (AsF 6 ), and hexachloroantimonate 
(SbCte). 

Also, onium salts represented by the general formula [MXJOH)] can be used as the cationic potymerizable initiator. 

2S Further, onium salts including a negative ion, for example, perchloric acid ion (CI0 4 - ). trifluoromethane sulfonate ion 
(CF 3 S0 3 -), fluorosutfonate ion (FS<V). toluene sulfonate ion. trinitrobenzene sulfonate negative ion, and trinitrotoluene 
sulfonate negative ion are suitable. 

These cationic photo-initiators may be used as the component (B) individually or in combinations of two or more. 
Among these onium salts, especially effective onium salts are aromatic onium salts, in which the following com- 

30 pounds are preferred: aromatic halonium salts described, for example, in Japanese Patent Applications Laidopen No. 
151996/1975 and No. 158680/1975; VIA group aromatic onium salts described, for example, in Japanese Patent Ap- 
plications Laid-open No. 151997/1975. No. 30899/1977, No. 55420/1981, and No. 125105/1980; VA group aromatic 
onium satts described, for example, in Japanese Patent Application Laid-open No. 158698/1975; oxosutfoxonium salts 
described, for example, in Japanese Patent Applications Laid-open No. 8428/1981, No. 149402/1981. and No. 

35 192429/1982; aromatic diazonium salts described, for example, in Japanese Patent Application Laidopen No. 
17040/1974; and thiobtlilium salts described in the specification of USP No. 4,139,655. Irorvallene complex and alu- 
minum complex/photo-decomposed silica compound initiator are also given as examples of the onium salts. 

Preferred examples of commercially available products of the cationic photo-initiator which can be used as the 
component (B) include UVI-6950, UVI-6970, Uvl-6974, UVI-6990 (manufactured by Union Carbide Corporation), 

40 AdekaoptomerSP-150,SP-151,SP-170,SP-171 (manufactured by Asahi Denka KogyoCo.. Ltd.). Irgacure261 (man- 
ufactured by Ciba Geigy), CI-2481, CI-2624. CI-2639. CI-2064 (manufactured by Nippon Soda Co.. Ltd.). CD-1010. 
CD-1011, CD-1012 (manufactured by Sartomer Co., Ltd.). DTS-102, DTS-103. NAT-103, NDS-103. TPS-103, MDS- 
103, MPI-103, BBI-103 (manufactured by Midori Chemical Co.. Ltd.). Among these, UVI-6970, UVI-6974, Adekaop- 
tomer SP-170, SP-171 , and CD-101 2, MPM 03 are particularly preferred to develop high curing sensitivity of the resin 

<s composition which contains these compounds. 

The proportion of the component (B) in the photo-curable resin composition is 0. 1 -1 0% by weight, preferably 0.2-5% 
by weight, and more preferably 0.3-3% by weight. If the proportion of the component (B) is too tow. the photo-curing 
characteristic of the resin composition obtained is insufficient. Hence, the produced three-dimensional object may have 
insufficient mechanical strength. Aftematrvely, if the proportion of the component (B) is too high, an appropriate light 

so transmission capability (curing depth) cannot be obtained when the resulting resin composition is used in the photo- 
fabricating process. Mechanical strength such as the toughness of the three-dimensional object prepared from this 
resin composition tends to be reduced. 

Component (C) 

55 

The ethylenically unsaturated monomer used as the component (C) is a compound having ethylenically unsatu- 
rated groups (C=C) in the molecule. Typical examples of the component (C) include monof unctional monomers having 
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one ethylenically unsaturated bond in one molecule, and polyfunctions montfmetf having ^dpr m^fi^Otyifinicajry. 

* * . • • • • ••• • • • ••• • • • • 

unsaturated bonds in one molecule. «••••••••• 

The unsaturated monomer generally has a molecular weight of about 80 or more, tip to about 2000 ortess. PreM ••• • 
erably, the molecular weight is 1000 or less. 

s Preferred examples of the monofunctional monomer used as the component (C) include acrylamide, (meth)acryloyl 

morpholine, 7-amino-3,7-dimethyloctyl (meth)acrylate, isobutoxymethyl (meth)acrylamide, isobomyloxyethyl (meth) 
acrylate. isobornyl (meth)acrytate, 2-ethylhexyl (meth)acrylate, ethyldiethylene glycol (meth)acrylate. t-octyl (meth) 
acrylamide, diacetone (meth)acrylamide, dimethylaminoethyl (meth )acry late, diethylamlnoethyl (meth)acrylate f lauryl 
(meth)acrylate. dicyclopentadiene (meth)acrylate, dicyclopentenyloxyethyl (methjacrylate. dicyctopentenyl (meth)acr- 

io ylate, N,N-dimethyl (meth)acrylamide tetrachlorophenyl (meth)acrylate t 2-1etrachlorophenoxyethyl (meth)acrylate f tet- 
rahydrofurfuryl (meth)acrylate, tetrabromophenyl (meth)acrylate, 2-tetrabromophenoxyethyl (meth)acrylate. 2-trichlo- 
rophenoxyethyl (meth)acrylate, tribromophenyl (meth)acrylate, 2-tribromophenoxyethyl (meth)acrylate, 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate. vinyl caprolactam. N-vinyl pyrrolidone, phenoxyethyl (meth)acrylate, 
butoxyethyl (meth)acrylate, pentachlorophenyl (meth)acrylate, pentabromophenyl (meth)acrylate. polyethylene glycol 

is mono(meth)acrylate, polypropylene glycol mono(meth)acrylate. bornyl (meth)acrylate, methyltriethylene diglycol 
(meth)acrylate, and. the compounds shown in the following general formulas (2) to (4). 

CH 2 - C - C - O (R 6 0) r -R 7 (2) 

l 5 « 
R 5 O 



C (0-R 9 -C)_-0-CH a -R 9 (3) 

D I 
o o 



CH 2 = C - 



30 



35 



40 



R s 
I 

CHj O-CH R 
I / \ / 

CH,= C - C (0-R e -C) a -0-CH,-C-CH C (4) 

rs O O CH 3 O-C-R 5 R* 

i. 



wherein R s represents a hydrogen atom or a methyl group. R 6 represents an alkylene group containing 2-6. preferably 
2-4 carbon atoms, R 7 represents an aromatic group, optionally substituted with an alkyl group containing 1-12, pref- 
erably 1-9 carbon atoms, R 6 represents an alkylene group containing 2-8, preferably 2-5 carbon atoms, r denotes an 
integer from 0-12. preferably from 1-8. and q denotes an integer from 1-8. preferably from 1-4; flP is a tetrahydrofuryl 
45 group. 

Among these monofunctional monomers, isobornyl (meth)acrylate. lauryl <meth)acrylate, and phenoxyethyl (meth) 
acrylate are particularly preferred. 

Examples of commercially available products of the monofunctional monomers include Aronix M-101 , M-102. M- 
111, M-113, M-117. M-152, TO1210 (manufactured by Toagosei Co., Ltd.), KAYARAD TC-1 1 0S, R-564. R-128H (man- 
so ufactured by Nippon Kayaku Co., Ltd.). Viscoat 1 92, Viscoat 220. Vlscoat 2311 HP, Viscoat 2000, Viscoat 2100, Vlscoat 
2150, Viscoat 8F. Viscoat 17F (manufactured by Osaka Organic Chemical Industry Co., Ltd.) 

Preferred examples of the polyfunctional monomers used as the component (C) include di(meth)acrylate com- 
pounds such as ethylene glycol di(meth)acrylate, dicyctopentenyl di(meth)acrylate, Methylene glycol di(meth)acrylate, 
tetraethylene glycol di(meth)acrylate, tricyclodecanediyldimethylene di(meth)acrylate, trfe(2-hydroxyethyl) isocyanu- 
55 rate di(meth)acrylate, tripropylene glycol di(meth)acrylate, neopentyl glycol di(meth)acrylate, both terminal (meth)acryl- 
ic acid adduct of bisphenol A digtycidyl ether, 1,4-butanediol di(meth)acrylate, 1 ,6-hexanedk>l di(meth)acrylate, poly- 
ester di(meth)acrylate, polyethylene glycol di(meth)acrylate ( ethylene oxide (hereinafter called [EO]) modified bisphe- 
nol A di(meth)acrylate. propylene oxide (hereinafter called [PO]) modified bisphenol A di(meth)acrylate. EO modified 
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hydrogenated bisphenol A di(meth)acrylate, PO modified hydrogenated bisphe&pl ^dKme^afif^te,^^^ 
bisphenol F di(meth)acrylate; tri(meth)acrylate compounds such as tris(2-hydr^xje§iyl)i§acyahtgaf© ^Knge^J^pryiaJo. ; 
EO modified caprolactone modified tris(2-hydroxylethyl)isocyanurate tri(metn)ac^lat©?Hflm©^ylolprop)aj?6/9ri(metft)> 
aery late, EO modified trimelhylolpropane tri(meth)acry late, PO modified trimethy lolpropane tri(meth)acrylate, and pen- 
taerythritol tri(me1h)acrylate; tetra(meth)acrylate compounds such as pentaerythritol tetra(meth)acrylate, dipentaeryth- 
rttol tetrafmethjacrylate, and ditrimethylolpropane tetra(meth)acrylate; penta(meth)acrylate compounds such as dipen- 
taerythritol penta(methjacrylate and caprolactone modified dipentaerythritol penta(meth)acrylate; hexa(meth)acrylate 
compounds such as dipentaerythritol hexa(meth)acrylate and caprolactone modified dipentaerythritol hexa(meth)acr- 
ylate; and (meth)acrylate of phenol novofak poryglycidyl ether. 

Commercially available products of these polyfunction^ monomers include SA1002 (manufactured by Mitsubishi 
Chemical Corp.). Viscoat 1 95, Viscoat 230, Viscoat 260, Viscoat 21 5. Viscoat 31 0, Viscoat 214HP, Viscoat 295, Viscoat 
300, Viscoat 360, Viscoat GPT, Viscoat 400, Viscoat 700, Viscoat 540, Viscoat 3000, Viscoat 3700 (manufactured by 
Osaka Organic Chemical Industry Co., Ltd.), Kayarad R-526, HDDA. NPGDA, TPGDA, MANDA, R-551, R-712, R- 
604 R-684 PET-30 GPO-303, TMPTA, THE-330, DPHA, DPHA-2H, DPHA-2C, DPHA-2I. D-310, D-330, DPCA-20, 
DPCA-30 DPCA-60. DPCA-1 20, DN-0075, DN-2475, T-1 420, T-2020, T-2040, TPA-320, TPA-330. RP-1040, RP-2040. 
R-011, R-300, R-205 (manufactured by Nippon Kayaku Co., Ltd.), Aronix M-210. M-220, M-233, M-240, M-215. M- 
,305, M-309. M-310. M-315. M-325, M-400, M-6200, M-6400 (manufactured by Toagosei Co., Ltd.), Light Acrylate BP- 
4EA, BP-4PA, BP-2EA, BP-2PA, DCP-A (manufactured by Kyoeisha Chemical Industry Co., Ltd.), New Frontier BPE- 
4 TEICA, BR-42M, GX-8345 (manufactured by Daiichi Kogyo Seiyaku Co., Ltd.). ASF-400 (manufactured by Nippon 
Steel Chemical Co., Ltd.), Lipoxi SP-1506. SP-1507, SP-1509, VR-77, SP-4010, SP-4060 (manufactured by Showa 
Highpolymer Co.. Ltd.), and NK Ester A-BPE-4 (manufactured by Shin-Nakamura Chemical Industry Co., Ltd.). 

The above-mentioned monof unctional monomers and polyfunctions! monomers may be used as the component 
(C) either individually or in combinations of two or more. However, it is desirable that a polyf unctional monomer having 
three or more ethylenically unsaturated bonds in one molecule is used as all or part of the component (C). The proportion 
of the polyf unctional monomer having three or more functional groups is preferably more than 60% by weight and more 
preferably more than 80% by weight. A particularly preferable proportion of the polyf unctional monomer is substantially 
100% by weight. If the proportion of the polyf unctional monomer having three or more functional groups is less than 
60% by weight, the photo-curing characteristic of the resulting resin composition may become insufficient and the 
three-dimensional object fabricated tends to become deformed with time. 

The polyf unctional monomer having three or more polyf unctional groups can be selected from the above-mentioned 
tri(meth)acrybte compounds, tetra(meth)acrylate compounds, penta(meth)acrylate compounds, and hexa(meth)acr« 
ylate compounds. Among these, trimethylol propane tri(meth)acrylate, EO modified trimethylolpropane tri(meth)acr- 
ylate, dipentaerythritol hexa(meth)acrylate, dipentaerythritol penta(meth)acrylate, and drtrimethylolpropane tetra(meth) 
acrylate are particularly preferred. 

The proportion of the component (C) in the photo-curable resin composition of the present invention is generally 
1 -30% by weight, preferably 2-20% by weight, and more preferably 3-1 5% by weight. If the proportion of the component 
(C) is too low, the photo-curing characteristic of the resin composition may become insufficient. A three-dimensional 
object with sufficient mechanical strength cannot be molded from such a resin composition. On the other hand, if the 
proportion of the compos it ton (C) is too high, the resulting resin composition shrinks easily during photo-curing and 
mechanical characteristics such as toughness of the three-dimensional object tend to be reduced. 

Component (D) 

The radical photo-initiator which is the component (D) of the resin composition of the present invention is a com- 
pound which decomposes and generates radicals by receiving radiation such as light and initiates a radical polymer- 
ization reaction of the component (C) by the action of the radicals. 

Given as specific examples of the radical photo-initiators which can be used as the component (D) are acetophe- 
none, acetophenone benzyl ketal, anthraquinone, l-(4-isopropylphenyl)-2-hydroxy-2-methylpropan-1-one. carbazole, 
xanthone, 4-chlorobenzophenone, 4.4 , -diaminobenzophenone, 1.1-dimethoxydeoxybenzoin, 3.3 , -dimethyl-4-fneth- 
oxybenzophenone, thioxanethone compounds, 2-methyl-1 -[4-(methy Ithio) phenyl]-2-morpholino-propane-2-on f 2-ben- 
zyl-2-dimethylamino-l-(4^orpholinophenyl)-butane-l-one, triphenylamine, 2,4,6-trimethylbenzoyl diphenylphosphine 
oxide, bis(2.6-dimethoxybenzoyl)-2,4 ) 4-tri-methy^enty1phosphine oxide, benzyl dimethyl ketal, l-hydroxycyctohexyl- 
phenyl ketone, 2-hydroxy-2-methyl+phenylpropan-l-one, fluorenone, fluorene, benzaldehyde. benzoin ethyl ether, 
benzoin propyl ether, benzophenone, Michler's ketone, 3-methylacetophenone, 3,3\4,4Metra(t-butylperoxycarbonyl) 
benzophenone (BTTB), and combined compositions of BTTB and xanthene, thbxanthene. cumarin, ketocumarin or 
other coloring matter photosensitizes These compounds may be used either individually or in combinations of two or 
more. 

Among these, benzyl methyl ketal. 1-hydroxycyclohexyl phenyl ketone, 2,4,6-trimethylbenzoyl diphenylphosphine 
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oxide, 2-benzyl-2^imethylamino-1 -(4^orpholinophenyl)-butan-1 -one, and thSUik# areTfertsflJlarty firtrtsrgft?. 0 

The proportion of the component (D) in the photo-curable resin compos$k5h pi th$f preset fhv>n#tf°fe 0 u£j3lry • 
0.01-8% by weight and preferably 0. 1 -5% by weight. If the proportion of the cdmponem^ isffoo low.She rate (curirfff 
rate) of the radical polymerization is so reduced that fabrication time may be extended and the resolution may tend to 
be lower. On the other hand, if the proportion of the component (D) is too high, the excess polymerization initiator 
sometimes has an adverse effect on the curing characteristics of the resin composition and the specifications, heat 
resistance, and handling of the three-dimensional object obtained from the resin composition. 

Component (E) 

The present invention is characterized in that spherical silica particles (the component (E)) are used as a filler in 
the photo-curable resin composition of the present invention. 

The spherical silica particles which are the component (E) improve the mechanical characteristics, heat resistance 
ef the cured product and the durability of the resin-based mold formed from the cured product without damaging the 
15 photo-curing and fabricating characteristics of the resin composition containing these particles. 

Namely, by using the silica particles, the cured products prepared from the resin composition containing such silica 
particles can exhibit excellent mechanical characteristics and heat resistance. Also, because the silica particles are 
spherical, the fluidity of the resin composition containing the particles is improved and an excellently smooth laminated 
surface can be formed in the photo4abricating process. Also, there is no occurrence of the phenomenon in which 
20 uncured resin remains in the fabricated product, while this phenomenon is often observed when using undefined par- 
ticles. A mold provided with either high dimensional accuracy or superior durability can be produced by fabricating the 
resin composition containing the spherical silica particles. 

The spherical silica particles in the present invention are defined as particles having the average value of sphericrty 
(hereinafter referred to as -average sphericity') of over 0.9. Here, sphericity, which is otherwise called degree of cir- 
25 cularity. is defined by the following formula. When the shape of a projected image is exactly spherical, the sphericity 
is defined as 1. 



30 



4 4ltS o d *a 
Sphericity = — g-* = ^ 

pc 



wherein S p is a projection area, c is the peripheral length of the projected image, c\, a is the diameter of a circle having 
the same area as that of the projection area, and d^, is the diameter of a circle having the same peripheral length as 
the projected image of the particle. 
35 This sphericity can be measured using an image analyzer which can analyze a microphotograph taken by a scan- 

ning electron microscope (SEM). The average sphericity can be measured by calculating the average sphericity of 1 00 
particles arbitrarily selected from a multitude of particles appearing in the microphotograph. 

The average sphericity of the silica particles which are the component (E) is preferably 0.92 or more, and more 
preferably 0.95 or more. 

40 Any compound including silicon oxide containing as a major component and a less amount of impurity such as an 

alkaline metal can be used. u ^ _ 

The average particle diameter of the spherical silica particles is preferably 1 -50 jim, and more preferably 2-30 u/n. 
If the average particle diameter is too small, the viscosity of the resulting resin composition is large and there are cases 
where the resulting cured product with a high dimensional accuracy can be produced onty with difficulty. On the other 
45 hand, if the average particle diameter is too great, it is difficult to produce a cured product with a smooth surface from 
the resulting resin composition. 

The spherical silica particles used as the component (E) may be surface-treated using silane coupling agents. 
Specific examples of silane coupling agents include vinyltrichlorosilane. vinyltris(p-methoxyethoxy)silane. vlnyrtri- 
ethoxysitane. vinylmethoxysilane. ^(methacrytoxypropyl)trimethoxysitane, p-(3,4-epoxycyclohexyl)ethyltrrmethoxysi- 
50 lane, Y^Vsictoxypropyltrimethoxysilane, 7-glysictoxypropyl-methyldiethQxysilane, N-p-(aminosthyl)raminopropyt- 
methyldimethoxysilane, r-aminopropyltriethoxysilane, N-phenyl-raminopropyftrimethoxysilane. rmercaptopropyrtri- 
methoxysilane, and y<htoropropyrtrimethoxysilane. 

Specific examples of commercially available silane coupling agent products include Sunsphere NP-100, NP-200 
(manufactured by Doukai Chemical Industries Co.. Ltd.). Silstar MK-08, MK-1 5 (Nippon Chemical Industries Co., Ltd.). 
55 and FB-48 (manufactured by Denki Kagaku Kogyo Co., Ltd.). 

The proportion of the component (E) Incorporated in the photo-curable resin composition is preferably 40-60% by 
weight and more preferably 45-75% by weight. If the proportion of the component (E) is too low* it is difficult to produce 
a cured product having high mechanical strength and excellent heat resistance and the durability of the resulting mold 
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tends to be reduced. Alternatively, rt the proportion ol the component (E) is too hgjh, jQe vj$CQsi# oj the yS&g (SSm^osityft? 0 o ° ° o 
tends to be higher and a cured product having high dimensbnal accuracy car} be g>btain%d o?rt£ vfltrt dilgculfy, ° I ° 0 Q ° 

O O OOOOQO OOO O'O DO O O O Q 

Optional components 

5 ' — 

In addition to the above-mentioned essential components (A) to (E), other components may be incorporated into 
the photo-curable resin composition ol the present invention to the extent that the photocurability of this composition 
is not adversely affected. Such optional components include cationic polymerizable organic compounds other than 
above-mentioned component (A). 

io Typical examples of such cationic polymerizable organic compounds are epoxy compounds, oxetane compounds, 

oxalan compounds, cyclic acetal compounds, cyclic lactone compounds, thiirane compounds, thietane compounds, 
vinylether compounds, spiro-ortho ester compounds which are reaction products of an epoxy compound and lactone, 
ethylenically unsaturated compounds, cyclic ether compounds, cyclic thioether compounds, and vinyl compounds, 
v Compounds having a glycidyl ether structure, diglycidylesters of aliphatic long chain dibasic acid and glycidylesters 

is of higher fatty acid are given as examples of epoxy compounds which can be used as the optional component. 

Given as examples of compounds having a glycidyl ether structure are polyether polyols obtained by adding one 
or more alkylene oxides to aliphatic higher alcohol such as bisphenol A diglycidyl ether, bisphenol F digrycidyl ether, 
bisphenol S diglycidyl ether, brominated bisphenol A diglycidyl ether, brominated bisphenol F digrycidyl ether, bromi- 
nated bisphenol S diglycidyl ether, hydrogenated bisphenol A diglycidyl ether, hydrogenated bisphenol F diglycidyl 

20 ether, hydrogenated bisphenol AD digrycidyl ether, an epoxy novolak resin, 1 ,4-butanediol digrycidyl ether, 1 ,6-hexan- 
ediol digrycidyl ether, glycerol triglycidyl ether, trimethylolpropane triglycidyl ether, polyethylene glycol diglycidyl ether, 
and polypropylene glycol digrycidyl ether; monoglycidyl ethers of aliphatic higher alcohol; and monoglycidyl ethers of 
phenol, cresol, butylphenol. or polyether alcohol prepared by adding alkylene oxides to these compounds. 

The following commercially available products are desirable as the cationic polymerizable organic compound: 

25 Epicoat B01 . 828 (manufactured by Yuka Shell Co.. Ltd.), PY-306, 01 63. DY-022 (manufactured by Ciba Geigy), KRM- 
2720, EP-4000, EP-4080, EP-4900, ED-505, ED-506 (manufactured by Asahi Denka Kogyo Co., Ltd.). Epolight M- 
1230, Epolight EHDG-L, Epolight 40E ( Epolight 100E, Epolight 200E. Epolight 400E, Epolight 70P, Epolight 200P, 
Epolight 400P, Epolight 1500NP, Epolight 1600, Epolight 80MF, Epolight 100MF, Epolight 4000, Epolight 3002. Epolight 
FR-1500 (manufactured by Kyoeisha Chemical Industries Co., Ltd.). and Suntoto ST3000, YD-716, YH-300, PG-202. 

30 PG-207. YD-172, YDPN638 (manufactured by Toto Kasei Co.. Ltd.). 

When incorporating the epoxy compound other than component (A) as an additional cationic polymerizable organic 
compound in the photo-curable resin composition of the present invention, the proportion of this epoxy compound is 
usually 0-20% by weight, preferably 2-18% by weight, and more preferably 3-15% by weight. The use of this epoxy 
compound causes the resulting three-dimensional object to have an improved deform stability and improved mechan- 

35 ical characteristics such as toughness. On the other hand, if the proportion of this epoxy compound is too high, the 
curability of the resulting resin composition may be decreased, leading to a lower molding effect. 

Specific examples of cationic polymerizable organic compounds which can be used as the optional components 
include oxetanes such as trimethylene oxide, 3,3-dimethyl oxetane, 3,3-dich toro-nethyl oxetane, 3-ethyl-3-phenoxyme- 
thyl oxetane, and bis(3-ethyl-3-methyloxy) butane; oxalans such as tetrahydrofuran, and 2 t 3-dimethyltetrahydrofuran; 

ao cyclic acetals such as trioxan, 1 ,3-dioxalan. and 1 ,3.6-trtoxan cyctoctane; cyclic lactones such as P-propyolactone and 
c-caprolactone; thiiranes such as ethylene sulfide, 1 ,2-propylene sulfide, and thioepychlorohydrin; thiethanes such as 
3,3-dimethyl thiethane; vinyl ethers such as ethylene glycol drvinyl ether, Methylene glycol drvinyl ether, and trimethy- 
lolpropane trivinyl ether; ethylenicallyally unsaturated compounds such as vinyl cyctohexane, tsobutytene, and polyb- 
utadiene; and their derivatives. 

45 The photo-curable resin composition of the present invention may include polyols as the optional component to 

develop the photo-curability of the cationic polymerizable compounds, and to develop the shape stability (resistance 
to deformation with time) and material stability of the three-dimensional object prepared by the photo-fabricating proc- 
ess. 

Polyols having 3 to 6 hydroxyl groups in one molecule are preferably used. When using polyols having 3 hydroxyl 
so groups or more, the photo-curability and mechanical characteristics are improved. On the other hand, when using 
polyols having 6 or more hydroxyl groups, there is a tendency for the elongation and toughness of the three-dimensional 
object to be reduced. 

Preferred examples of such polyols include polyether polyols prepared by modifying polyhydric alcohol of a valence 
greater than 3, such as trimethylolpropane, glycerol, pentaerythritol, sorbitol, sucrose, and the like by a cyclic ether 
66 compound such as ethylene oxide, propylene oxide, butylene oxide, tetrahydrofuran. and the like; polycaprotactone 
polyols prepared by modifying by caprolactone; and polyester polyols. Specific examples of such polyether polyols 
include EO modified trimethylolpropane, PO modified trimethy tolpropane, tetrahydrofuran modified trimethy tolpropane, 
caprolactone modified trimethylolpropane, EO modified glycerol, PO modified glycerol, tetrahydrofuran modified glyc- 
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erol, caprolactone modified glycerol, EO modified pentaerythritol, PO modified |»nte9rythritolptetea^ • j> 

pentaerythritol, EO modified sorbitol. PO modified sorbitol. EO modified sucrose? F$D mo^ifieS sucrose, §ncf EO mod- 0 
ified quodor. Among these, EO modified trimethylolpropane. PO modified trirtfethyfolpt6^e°. caprol^ 
trimethylolpropane, PO modified glycerol, caprolactone modified glycerol, and PO modified sorbitol are preferred. 

5 These polyols may be used either individually or in combinations of two or more. 

The preferable molecular weight of a polyether polyol is 100 to 2.000, and more preferably 160-1,000. If polyether 
polyols having too small a molecular weight are used, it is difficult to prepare a three-dimensional object with stable 
shape and properties. On the other hand, if polyether polyols having too large a molecular weight are used, the viscosity 
of the resulting resin composition becomes too large, resulting in lowering of the mechanical strength of the three- 

10 dimensional object obtained by the photo-fabricating process. 

Specific examples of commercially available polyether polyol products include Sunnix TP-400, Sunnbc GP-600, 
Sunnix GP-1 000. Sunnix SP-750, Sunnix GP-250, Sunnix GP-400. Sunnix GP-600 (manufactured by Sanyo Chemical 
Co.. Ltd.). TMP-3 Glycol, PNT-4 Glycol, EDA-P-4, EDA-P-8 (manufactured by Nippon Nyukazai Co.. Ltd.). G-300, G- 
400, G-700. T-400, EDP-450, SP-600. SC-800 (manufactured by Asahi Denka Kogyo Co.. Ltd.). TONE0301. 

is TONE0305. TONE0310 (manufactured by Union Carbide Corporation.) and Plakcel 303, Plakcel 305, Plakcel 308 
(manufactured by Daicel Chemical Industries Ltd.). 

. When the polyols are incorporated in the photo-curable resin composition of the present invention, the proportion 
ol polyol is usually 0-10% by weight and preferably 1 -5% by weight. If the proportion of polyol is too large, the mechanical 
strength of the three-dimensional object obtained by the photo-fabricating process tends to be adversely affected by 

20 humidity and moisture. 

Other optional components include photosensitizes (polymerization promoters) of amine compounds such as 
triethanolamine, methyl diethanolamine, triethylamine, diethylamine; photosenshizers including thioxantone or its de- 
rivatives, anthraquinone or its derivatives, anthracene or its derivatives, perillene and its derivatives, benzophenone. 
benzoin isopropylether, and the like; and reactive diluents such as vinyl ether, vinyl sulfide, vinyl urethane, urethane 

25 acrylate, or vinyl urea; polymers or oligomers, such as epoxy resin, polyamide, polyamideimide, polyurethane, polyb- 
utadiene, polychloroprene, polyether, polyester, styrene-butadiene-styrene block copolymer, petroleum resin, xylene 
resin, ketone resin, cellulose resin, fluorine-containing oligomer, silicon.-containing oligomer, and polysulfide oligomer; 
polymerization inhibitors such as phenothiazine or 2,6-di4-butyl-4-methyl phenol, polymerization initiation adjuvants, 
leveling agents, wettability improvers, surfactants, plasticizers. UV stablizers. UV absorbers, silane coupling agents. 

30 inorganic fillers, resin particles, pigments, dyes and the like. 

The photo-curable resin composition of the present invention can be manufactured by homogeneously blending 
the above-mentioned components (A) to (E) and the optional components, as required. It is desirable for the photo- 
curable resin composition of the present invention to possess a viscosity at 25°C preferably in the range of 500-20.000 
cos, or more preferably in the range of 1 ,000-10,000 cos. 

3S If the viscosity at 25°C of the resulting photo-curable resin composition is less than 500 cps, the precipitation rate 

of the silica particles is accelerated and the distribution of silica particles in the fabricated product is nonuniform. It is 
therefore difficult to prepare a mold with sufficient high mechanical strength to be injection-molded. In contrast, if the 
viscosity at 25°C of the photo-curable resin composition exceeds 20,000 cps, cured products with a smooth surface 
can be obtained only with difficulty and a moid with high dimensional accuracy cannot be prepared. 

40 

Manufacture of three-dimensional objects 

Ihe photo-curable resin composition of the present invention prepared in this manner is suitable as a photo-curable 
material used in photo-fabricating processes. Specifically, a three-dimensional object with a desired shape consisting 
45 of integrally laminated cured resin layers can be obtained by repeating the step of forming a cured layer from the photo- 
curable resin composition of the present invention by selective irradiation using visible light, ultraviolet light, or infrared 
light. 

Illustrating the process for manufacturing such a three-dimensional object more specifically, the photo-curable 
resin composition is supplied to a suitable supporting stage to form a thin layer (1 ) of the photocurable resin compo- 

so sition. this thin layer (1) is selectively irradiated with light to produce a cured solid resin layer (V), the photocurable 
resin composition is supplied over this cured resin layer to form a second thin layer (2), and this thin layer (2) is 
selectively irradiated with light to produce a new cured resin layer (2*) integrally laminated on the first resin layer. This 
step is repeated for a prescribed number of times, with or without changing the pattern subjected to light irradiation, 
to produce a three-dimensional object consisting of a multiple number of cured resin layers (n) which are integrally 

56 laminated. 

Various means may be used to selectively irradiate the photo-curable resin composition with light. Such light irra- 
diation means Include, for example, (1) a means for irradiating the composition while scanning with a laser beam or 
with a light converged by a lens, mirror, or the like, (2) a means for irradiating the composition with non-convergent 
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light through a mask provided with a fixed pattern through which light is tran§mi&&d, ffia ryS% means 0 Jp?VradiaUn°tf o o°°o 
the composition with light via a number of optical fibers bundled in a light condjicfrvfc metfber^re^p^<jin°c?fta a^bfisd % Q ° 
pattern. In the means using a mask, it is optional to use a mask which electroopttealry^rcSftftfes a'mask irtfage' fcbnsistirft? 0000 
of a light transmitting area and non-light-transmitting area according to a prescribed pattern by the same theory as that 

5 of the liquid crystal display apparatus. Among these means of light irradiation, the means for selectively irradiating the 
composition by scanning with laser light is preferred for labricating a three-dimensional object possessing minute parts 
or requiring high dimensional accuracy. 

The three-dimensional object fabricated in this manner is processed to remove unreacted photo-curable resin 
composition remaining on the surface, and washed with a solvent for the uncured resin, as required. As solvents. 

to alcohols such as isopropyl alcohol and ethyl alcohol, esters such as ethyl acetate, ketones such as acetone and meth- 
ylethyl.ketone, terpenes, and aliphatic organic solvents represented by glycol ester, or a low viscosity liquid thermo- 
setting resin or photo-curable resin, can be used as the washing agent in this washing step. 

In this instance, it is desirable that the product be subjected to a post-curing treatment, which may be a treatment 
with heat or light irradiation, after washing, depending on the type of curable resin used as the washing agent. This 

is post-curing treatment is effective not only for curing any uncured resin on the surface of the laminated body, but also 
for curing any uncured resin composition inside the laminated body. Thus, the post-curing treatment is also effective 
in the case where the fabricated three-dimensional object is washed with an organic solvent. 

Also, it is desirable to cover the surface of the three-dimensional object after washing with a heat-curable or photo- 
curable hard coating agent to improve the strength and heat resistance of the surface. As such a hard coating agent, 

20 an organic coating agent such as acryl resin, epoxy resin, silicone resin, or the like, or various inorganic coating agents 
can be used. These hard coating agents may be used individually or in combinations of two or more. 

Because the three-dimensional object obtained according to this invention has high dimensional accuracy, a high 
heat distortion temperature over 1 00°C. and the mechanical strength and excellent heat resistance required for a moid 
to be used under conditions of high pressure and high temperature, this object is suitable as a resin-based mold which 

2$ is used for various molding methods, such as an injection molding, press molding, vacuum molding, high-pressure 
molding, foaming mold, and pulp molding. 

EXAMPLES 

30 The present invention will be explained in more detail by way of examples, which are not intended to be limiting 

of the present invention. 

In this examples, microphotographs of spherical silica particles used as the component (E) and glass beads were 
taken using a scanning electron microscope (manufactured by JEOL Ltd.). The microphotographs were analyzed by 
an image analyzer to measure the projection area (S p ) and the peripheral length (c) of the projected image on the 
35 photograph. The average projection area (S p ) and peripheral length (c) of 100 particles selected from a multitude of 
particles were each measured to calculate the average sphericity of the particles or glass beads. 

Examples 1 to 3 

40 The components (A), (B), (C), (D), and the optional components according to the formulations shown In Table 1 

were placed in a vessel with a stirrer, and the mixture was agitated at 50*C tor 2 hours to prepare a homogeneous 
resin solution. The resin solution was then mixed with spherical silica particles (average sphericity: 0.97, average 
particle diameter 10 u/n), after which the mixture was placed In a vessel with a high-speed stirrer and agitated (rotating 
speed: 3000 rpm) at room temperature for 10 minutes. The compositions (1) to (3) in which the component (E) was 

46 homogeneously dispersed were thus obtained as the photo-curable resin composition of the present invention. All the 
compositions (1)-(3) were opaque, homogeneous, and viscous solutions. 

Comparative Example 1 

60 The components (A), (B), (C), (D). and the optional components according to the formulations shown in Table 1 

were placed in a vessel with a stirrer, and the mixture was agitated at 50°C for 2 hours to prepare a homogeneous 
resin solution. The resin solution was then mixed with spherical silica particles (average sphericity: 0.97, average 
particle diameter. 10 jim), after which the mixture was placed in a vessel with a high-speed stirrer and agitated (rotating 
speed: 3,000 rpm) at room temperature for 10 minutes. The composition (4) in which the component (E) was homo- 

65 geneously dispersed was thus obtained as a comparative photo-curable resin composition. The composition (4) pre- 
pared in this Comparative Example 1 was an opaque, homogeneous, and viscous solution. This Comparative Example 
1 is an example in which the resulting cured product from the resin composition has a heat distortion temperature of 
under 100° C. 
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Comparative Example 2 • • • 

r r ••• • ••••• •••• • 

• • • • . • • • 

The components (A). (B), (C), (D), and the optional components according to <he«fc* mutations sfcewn irt Table 
were placed in a vessel with a stirrer, and the mixture was agitated at 50°C tor 2 hours to prepare a homogeneous 

s resin solution The resin solution was then mixed with undefined silica particles (average sphericity: 0.85, average 
particle diameter 14 um), after which the mixture was placed in a vessel with a high-speed stirrer and agitated (rotating 
speed- 3 000 rpm) at room temperature for 10 minutes. The composition (5) in which the undefined particles were 
homogeneously dispersed was thus obtained as a comparative photoourable resin composition. The composition (5) 
prepared in this Comparative Example 2 was an opaque, homogeneous, and viscous solution. This Comparative Ex- 

10 ample 2 is an example in which undefined silica particles are used for the component (E). 

Comparative Example 3 

. The components (A) (B), (C), (D), and the optional components according to the formulations shown in Table 1 
is were placed in a vessel with a stirrer, and the mixture was agitated at 50«C lor 2 hours to prepare a homogeneous 
resin solution The resin solution was then mixed with glass beads (average sphericity: 0.97, average particle diameter 
17 urn) in the amount shown in Table 1. after which the mixture was placed in a vessel with a high-speed stirrer and 
agitated (rotating speed: 3,000 rpm) at room temperature lor 10 minutes. The composition (6) in which the glass beads 
were homogeneously dispersed was thus obtained as a comparative photo-curable resin composition. The composition 
20 (6) prepared in this Comparative Example 3 was an opaque, homogeneous, and viscous solution. This Comparative 
Example 3 is an example in which glass beads are used for the component (E). 

Comparative Example 4 



2S 



30 



The components (A), (B), and the optional components according to the formulations shown in Table 1 were placed 
in a vessel with a stirrer, and the mixture was agitated at 50*C for 2 hours to prepare a homogeneous resin solution. 
The resin solution was then mixed with the component (E) in the amount shown in Table 1 , after which the mixture was 
placed in a vessel with a high-speed stirrer and agitated (rotating speed: 3,000 rpm) at room temperature for 10 minutes. 
The composition (7) in which the component (E) was homogeneously dispersed was thus obtained as a comparative 
photo-curable resin composition. The composition (7) prepared in this Comparative Example 4 was an opaque, ho- 
mogeneous, and viscous solution. This Comparative Example 4 is an example in which the components (C) and (D) 



are not formulated. 
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The name of the commercially available products denoted by (a)-(j) in the Jpbje 1 arenas follows:/ 

• •• •••••• 

• • m • 

(a) : [UVR 6110] (manufactured by Union Carbide Corporation) • • •••• •• « 

(b) : [Viscoat 295] (manufactured by Osaka Organic Chemical Industry Ltd.) 
5 (c): [KAYARAD DPHAJ (manufactured by Nippon Kayaku Co., Ltd.) 

(d) : [Irgacure 184] (manufactured by Ciba Geigy) 

(e) : [Sunsfair NP-100] (manufactured by Doukai Kagaku Kogyo Ltd.) 

(f) : fAraldite DY-022] (manufactured by Ciba Geigy) 

(g) : [TONE-0301] (manufactured by Union Carbide Corporation) 
io (h): [S-530] (manufactured by Chisso Corporation) 

(i): [RD-8X] (manufactured by Tatsumori Kogyo Co., Ltd.) 
(j): [GB045ZC] (manufactured by Toshiba Valotini Co., Ltd.) 
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Evaluation of photo-curable resin compositions 

The optimum scanning speeds of the compositions (1 )-(3) prepared in Examples 1-3 and the cc>mpositions (4)-(7) 
prepared in Comparative Examples 1-4 were measured to evaluate the photo-curability of the composition. Also, a 
cured product was produced from the composition and the heat distortion temperature of the cured product was meas- 
ured. The results are shown in Table 2. 

Photo-curability 

Using an photo-fabricating apparatus (Solid Creator JSC-2000, manufactured by Sony Corporation) equipped with 
a light source for applying an Ar ion laser beam (wave length of 351 nm and 365 nm), the above-mentioned composition 
2S was selectively irradiated by the laser beam under the condition of laser power of 100 mW measured on the irradiated 
surface (liquid level) while scanning. The scanning speed (optimum scanning speed) was measured when a cured 
resin film with a thickness of 0.3 mm was produced. The photo-curability was evaluated by the following standards: 

AAA: Optimum scanning speed more than 120 cm/second 

30 BBB: Optimum scanning speed in the range from 1 00 to 1 20 cm/second 

CCC: Optimum scanning speed in the range from 1 0 to 100 cm/second 

DDD: No cured film produced 

Heat distortion temperature 

55 

Using the photo-fabricatiing apparatus (Solid Creator JSC-2000, manufactured by Sony Corporation), a part 
(length: 1 20mm, width: 11 mm, thickness: 4 mm) of a fabricating product was prepared under the following conditions. 

(A) Laser beam intensity on the liquid level: 100 mW 
40 (B) Scanning speed: optimum scanning speed when the cured depth reaches 0.3 mm 

(C) Thickness of the cured resin layer. 0.2 mm 

(D) Number of laminations: 20 

After removing the resin composition adhering to the surface of the fabricated product, the fabricated product was 
4S washed with a solvent. The fabricated product was then annealed at 160°C for 2 hours in a thermal oven to prepare 
a test specimen for the measurement of heat distortion temperature. 

The heat distortion temperature was measured according to JIS K7207 A. 



50 



Preparation of resin-based molds 

Cavity molds and core molds were prepared from the compositions (1) to (5) obtained in the Examples 1-3 and 
the Comparative Examples 1 an 2 using an photo-fabricating apparatus 'Solid Creator JSC-2000(tm)* (manufactured 
by Sony Corporation) under the following conditions. 

55 Laser beam intensity on the liquid surface: 100 mW 

Scanning rate: the optimum scanning speed when the cured depth reaches 0.3 mm 
Thickness of cured resin layer. 0.2 mm 
Number of lamination for cavity mold: 306 
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Number of lamination for core mold: 220 



i* •••• 



Figure 1 is a plan view and Figure 2 a sideview of the cavity mold. In Figflre 1T 1 fieh&teS^ pin fdmi, ?a rfo, 3ST •••• 
pin form, 4 a nail, 5 a securing screw hole, 6 a pin form. 

After treatment 
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After wiping the molded cavity mold and core mold to remove the resin composition adhering to their surfaces and 
washing with a solvent, they were annealed at 160°C for 2 hours in a thermal oven. 

Evaluation of resin-made mold (injection mold) 

Using the resin-made cavity molds and core molds prepared in this manner, a molding material consisting of 
polycarbonate resin (Yupiron S-2000, manufactured by Mitsubishi Gas Chemical Co., Inc.) was injection-molded under 
a mold clamping force of 75 tons, a cylinder temperature of 300°C, a mold temperature of 65°C, an injection pressure 
of 200 kg/cm 2 , a holding pressure of 360 kg/cm 2 in the first stage (holding time: 4 seconds), and a holding pressure 
of 230 kg/cm 2 in the second stage (holding time: 6 seconds) to prepare a molded product. The dimensional accuracy 
of the molded product and repetition durability of the resin-made mold were evaluated by the following standards. 

20 Dimensional accuracy of the molded product 

Good: When the dimensional deviation was less than 0.5% of the target molded article. 
Bad: When the dimensional deviation was greater than 0.5% of the target molded article. 

2S Repetition durability 

The number of times which the resin-made mold could mold the articles without being broken when used contin- 
uously for injection molding. 
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TABLE 2 





Example 


Comparative Example 


1 


2 


3 


1 


2 


3 


4 


Composition 


1 


2 


3 


4 


5 


6 


7 


Photocurability 


BBB 


BBB 


AAA 


BBB 


BBB 


DDD 


ccc 


Heat distortion temperature (°C) 


150 


155 


110 


85 


160 






Dimensional Accuracy of injection molded article 


Good 


Good 


Good 


Bad 


Bad 






Repetition durability (times) 


>100 


>100 


>100 


5 


35 







As is clear from Tables 1 and 2, all compositions (1 )-(3) prepared in the Examples 1-3 had a suitable photo-curability 
as the photo-curable material used in the photo-fabricating process. Also, the cured products prepared from the com- 
positions had a high heat distortion temperature of over 100°C. which fact revealed that the compositions had sufficient 
heat resistance. It is understood that the resin-made molds fabricated from the compositions (1 M3) used as the photo- 
curable material can provide molded products with high dimensional accuracy and that the resin-made molds have 
high repetition durability. 

In contrast, the cured product from the composition (4) prepared in the Comparative Example 1 has a heat distortion 
temperature of less than 100°C. Fabricated products with a high dimensional accuracy could not be obtained using 
resin-based molds prepared from such compositions. The resulting resin-based molds have a low repetition durability. 

The cured products produced from the composition (5) prepared in the Comparative Example 2 have a suitable 
photo-curability as the photo-curable material used in the photo-fabricating process. The cured product has high heat 
resistance as shown by a high heat distortion temperature of 160°C. However, because undefined silica particles are 
used instead of the spherical silica particles as the component (E), molded products with high dimensional accuracy 
could not be obtained using resin-made molds fabricateed using the composition. The resin-made molds have a low 
repetition durability. 

The composition (6) prepared in the Comparative Example 3 cannot be cured by irradiation with a laser beam 
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because spherical glass beads are used as the component (E) instead of the^h4rlcaJ*s!|ica # |ferticl«3. # # I* 99 # ** # 

The composition (7) prepared in the Comparative Example 4 has a low cOre* r^te, fcyfcause'onhfc aftsHnte <5f flie ; / 
components (C) and (D). A cured product with sufficient mechanical strength c^Tnnof be Wtainfifl from tfiB coMjaositiorV •••• 
The photo-curable resin composition of the present invention can produce cured products exhibiting excellent 
$ mechanical strength and heat resistance. The composition can therefore be suitably used as the photo-curable material 
for photo-fabricating methods. 

In addition, the process for manufacturing a resin-based mold of the present invention can easily produce a resin- 
based mold which exhibits excellent molding dimensional precision and repetition durability as shown by the fact that 
the resin-based mold is neither deformed or damaged after repeating the molding treatment over 100 times. 



Claims 

1. A photo-curable resin composition comprising, 

15 

(A) a compound having a cyclohexene oxide structure; 

(B) a cationic photo-initiator; 

(C) a ethylenicalty unsaturated polymer; 

(D) a radical photo-initiator; and 
20 (E) spherical silica particles; 

wherein upon curing, the resin composition has a heat distortion temperature of 100"C or higher. 

2. The resin composition according to claim 1 , wherein component (A) has a molecular weight of about 100 to about 
25 400. 

3. The resin composition according to any one of claims 1 -2, wherein component (A) contains an average of about 
two epoxy groups. 

30 4. The resin composition according to any one of claims 1-3, wherein component (A) is present in an amount of 
5-60% by weight relative to components (A)-(E). 

5. The resin composition according to any one of claims 1-4. wherein component (B) is present in an amount of 0.1-10 
% by weight, relative to components (A)-(E). 

35 

6. The resin composition according to any one ot claims 1-5, wherein the ethylenically unsaturated monomer of 
component (C) has a molecular weight of about 80-2000. 

7. The resin composition according to any one of claims 1-6, wherein the ethylentealty unsaturated monomer of 
40 component (C) comprises at least one monomer having 3 or more ethylenically unsaturated groups. 

8. The resin composition according to any one ot claims 1 -7, wherein the component (C) consists of more than 80% 
of a polyf unctional monomer, having at least 3 functional groups. 

45 9. The resin composition according to any one of claims 1 -8, wherein component (C) is present in 1 -30 % by weight, 
relative to components (A)-(E). 

10. The resin composition according to any one ol claims 1 -9, wherein component (D) is present in 0.01-8 & by weight, 
relative to components (A)-(E). 

60 

11. The resin composition according to any one of claims 1 -10, wherein component (E) is present in 40-80% by weight, 
relative to components (A)-(E). 

12. The resin composition according to any one of claims 1-11 , wherein the spherical silica particles have a sphereicity 
55 of at least 0.9, and further, wherein the sphericity ts defined as by the following formula. 
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• • •• •••• 

>/ 4nS d •••••••• ••• 

Sphericity ='-^ = 3* • * * • ! ! 



5 wherein S p is a projection area, c is the peripheral length of the projected image, c^ a is the diameter of a circle 

having the same area as that ol the projection area, and d^. is the diameter of a circle having the same peripheral 
length as the projected image of the particle. 

13. The resin composition according to any one of claims 1 -12, wherein the silica particles have a sphericity of at least 
10 0.95. 

14/ The resin composition according to any one of claims 1-13, wherein the silica particles have an average particle 
diameter of 2-30 um. 

is 15. The resin composition according to any one of claims 1 -14, wherein the silica particles are surface treated with a 
silane coupling agent. 

*i 6. The resin composition according to any one of claims 1 -1 5, wherein the resin composition comprises as additional 
components at least one component from the group consisting of: catbnic pofymerizable compounds, polyols 
20 having 3 to 6 hydroxy l groups and a molecular weight of 100-2000, photo-sensrtizers, reactive diluents, polymers 

or oligomers, polymerization inhibitors, leveling agents, surfactants, stabilisers, pigments, dyes, resin particles, or 
inorganic fillers. 

17. The resin composition according to any one of claims 1-16, wherein the resin composition has a viscosity at 25°C 
2S of 500-20.000 cps. 

18. A process for preparing a resin-based mold comprising a plurality of integrally laminated layers of cured resin by 
repeating the step of forming a cured resin layer by selective irradiation of the photo-curable resin composition 
defined in any one of claims 1-17, with light 

30 

19. The process according to claim 18, wherein the uncured resen is removed from the resin based mold after the 
forming step, and the resin based mold is subjected to a post-curing-treatment in order to more fully cure the resin. 

20. Resin based mold formed by a process according to any oneof claims 18-19, wherein a plurality of integrally 
3$ laminated layers of cured resin are obtained by repeating the step of forming a cured resin layer by selective 

irradiation of the photo-curable resin composition with light, wherein said resin composition comprises: 

(A) a compoundhavtng a cyclohexene oxide structure; 

(B) a catbnic photo-initiator; 

40 (C) a ethylenically unsaturated polymer; 

(D) a radical photo-initiator; and 

(E) spherical silica particles; and wherein upon curing, the resin composition has a heat distortion temperature 
of 100°C or higher. 

45 
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